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ABSTRACT ]
o .?1
The economic recoverv of the U.S. economv after a major disaster is the ‘1
focus of a systems dynamics model described in this report. The work under j
this contract involved restructuring the investment sector, constructing and
- .W
i. embedding a monetary sector into the model, rebasing the model to 1972 Adata, '—'1
g some simplification of the structure of the model, the develooment of ::f
i substantial software that eased the task of running and reoorting the results jj
i of the model, and a number of other chanqes. Results are reoorted for
l‘ historical simulation of the model and for a variety of simulations under “.J
t alternative assumptions about destruction resulting from a nuclear attack. o
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SUMMARY

' .l“ L-';.:-'.f'.L.. h E

BACKGROUND

This research was undertaken to improve an Economic Recovery Dynamics
Model (SRDYM) previously developed for FEMA (Peterson 1980). It is desiqned to
examine policies that might affect recovery in a post-attack environment. The
major modifications in this version of ERDYM are the following: the intro-

T S et
PR Y WA

duction of a monetary sector to the model that endogenizes interest rates; the
restructuring of the investment sector to more closely follow economic theory;
and the rebasing of the model to 1972 data. In addition, the model was
simplified and other sectors were altered as needed to make the model
consistent. Maior software enhancements were also undertaken to make using the
model and interpreting the results easier.

FINDINGS

The improvements made to the model alter its dynamic behavior
substantially. Historical simulations over the period 1972-1983 reveal that
the model tracks real gross national product to within 5 percent of actual.
Comparison of other economic variables shows that the model exhihits growth
characteristics that are suitable for an economic recoverv model, In
simulations of post-attack recovery, the model appears more robust to high
levels of destruction than the previous version. This finding is likelv
attributable to the change in the investment sector of the model. Monetary
policy simulations show that monetary policy alone has little effect on the
real trajectory of recovery, although it can have substantial effect on price
levels. In simulations where the level of destruction is uneven across
sectors, the model suggests that targeted measures, such as direct consumer
rationing, would be more effective in sourring recoverv than general monetary
and fiscal policy. An examination of post-attack simulations indicates that
there are nonlinearities in the effect on the economy of different levels of
destruction--destroying 30 percent of assets and population has more than three
times the effect that only destroying 10 percent would have. These
nonlinearites are closely linked to the way that psychological impacts are
handled in the model. A decomposition of these psycholngical imacts shows that

.....................................................................................
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..............................................
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nonlinearities disappear when the effect of these nsvchological factors is
removed.,

policies to influence recovery. The improvements have made the structure of

L

EVALUATION AND IMPACT :
The systems dynamic model modified in this report is capable of simulating f
an attack of varying orders of maanitude while applying a number of alternative f'{

the model more consonant with economic theory, insofar as they have been
restrugtured. But some serious prohlems remain. Specifically, three areas are
of major concern: consumption, the labor sector, and foreign trade.
Consumption in some cases, for example, is not currently based on relative
prices, but rather on assumed priorities; this gives rise to unreasonable
consumer behavior in the face of sharp changes in relative prices.
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1.0 INTRODUCTION AND BACKGROUND

1.1 INTRODUCTION

In the summer of 1982, the Federal Emergency Management Agency (FEMA)

o requested oroposals to modify and improve the Economic Recovery Dynamics Model
(ERDYM) developed under a previous contract (Peterson 1980). Battelle, Pacific o
Northwest Laboratories (BNW) received the contract to make the modifications to T
the model. This final report details and explains the major changes to the QTF

@ model, which include adding a financial sector, calibrating the model to 1972 5.'.1
National Income and Product Accounts, and modifying other sectors of the model
to assure that the historical simulations were within a specified degree of )
accuracy. Once these changes were completed, the model was to be simulated for

® several major attack scenarios and the results of these simulations reported. @

This chapter will provide some background as to why certain alterations and ~T
additions were made to the model, and will provide an outline of the report.
The remainder of the report will document the changes and results of the
@ reconstructed economic recovery dynamics model. .

The second chapter of this report will provide an overview of the original
model. It will briefly describe the various sectors of the model and several
of the its equations.

L
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The subsequent two chapters elaborate on changes made to the model in this
study. Chapter 3 first describes the theoretical arquments underlying the
restructuring of the investment sector. Consonant with these changes, a

CR

o
.-..,.

. + 2
’

® supporting monetary sector was developed and is also descrihed in this
chapter. Chaoter 4 then describes changes in other sectors of the model that
were necessitated by changes elsewhere, were done to simplify the structure of
the model, or were required to calibrate the model to historical data. In a

PY dynamic model such as ERDYM, the initialization of the model is critical to its
near-term oerformance. Accordingly, considerable effort was devoted to the
initialization of the model.

Chapter 5 presents a baseline initjalization, historical simulations, and
o tests the sensitivity of the model to several characterizations of monetary
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f} policv. The historical simulations highlight the ability of the model, under a
2. certain set of oarametric assumptions, to replicate the dynamic path of the
;3_ economy from 1972 to 1984. These historical simulations track the growth path 0
u.f of the economv within acceptable error bounds and also generate realistic
;EL cyclical behavior.
t"}' Chapter 6 then reports the recovery scenarios that were simulated for this o
i project. In simulating the model under different assumptions about intensity
'ili of attack and alternative policy prescriptions, a great deal was learned about
ff? the dynamic structure of the model. In particular, we find that the model is
quite sensitive to alternative assumntions about policy rules, capital-labor ®
~ substitution and psychological effects. Modest changes to these assumptions
Efz can have dramatic effect on the recovery path of the economy, as described by
itl the model. These results lead us to conclusions that are reported in Chapter 7
y of this report. Recommendations for further changes to the model are then o
- suggested in the final chapter.
:i;f Two appendices accompany this report. The first is a technical description |
_li: of the development of the industry data used to initialize the model to its new
{ 1972 base. The second appendix is a set of instructions to ootential users, ®
EL_ describing how the government policv levers within the model can be simulated.
;:f A separate user's guide repeats this information as well as provides complete
’:: instructions on how to use the model and prepare various tvpes of reports.
' ®
1.2 BACKGROUND
FEMA's decision to modify the economic recovery dynamics model was made, in
part, because of shortcomings in the performance of the previous version of
this model. Another reason for this action was the criticism that the economic b
3;& structure of the model received on review by economists from other government
T agencies involved in the exercises undertaken bv FEMA as part of their
;Eﬁ emergency management planning. Specifically, the criticisms included the
Q following: that the assumption that interest rates were not determined within A
';ﬂ the model was unrealistic; that the model lacked the basic national income and
_iﬁ product accounting of a macroeconomic model; and that sectors of the model were
~§: specified in ways inconsistent with economic theorv and empirical evidence. A
.! more severe problem arose in simulation exercises with the model: when *
e 1.2
Ny
P
4 .
o




/vd'f[/'.ld

P WX

O

E il AN

3

3

b Y Y )
»

G

e

MR e A A A bl SO AL T Al Sl LAS AL GERE AT E A M EC AL SN UL I R S AL i e

............

interest rates rose above certain modest levels, the model responded by

spiraling down to a non-recoverable level of economic activity without even the
advent of a disaster.

Battelle's review of the model recognized that system dynamics was an
appropriate approach to modeling post-attack economic recovery and that the
previous model was an ambitious attemot to model the economy. However, the
model was criticized on a number of points. The model appeared overly compolex
as a representation of the economy in post-attack recovery. Since the hasic
choice set appeared to be between present and future consumption, it appeared
to Battelle that the model could be somewhat simplified yet retain this basic
focus. A more severe charge leveled at the previous version criticized it for
jts peculiar representation of some economic decision making. 0One example of
this peculiar structure could explain why the model spiraled into depression.

The particular example used in the proposal was the characterization of
business financial decisions. The model structured the availability of
business finance as a major constraint on expansion of capacity. In other
words, desired capital purchases could not be undertaken when a sector's
financial position was inadequate to support investment. The capital budgeting
approach used in the model to explain investment was, in consequence, very
sensitive to interest rate fluctuations. The mechanism might work as follows:
as interest rates rose, debt servicing increased. This put additional
financial requirements on the sector, which required additional horrowing; this
cut further into retained earnings, or required further reductions in capital
spending. A1l these factors worked in the same direction--to lower investment,
to make it more difficult to borrow, and to reduce the availability of internal
funds to finance capital accumulation. With all these forces operating in the
same direction, it did not take long before the sector was forced into a
position that it could not pull itself out of. Thus the downward spiral.

In 1ight of this criticism, Battelle's proposal focused on restructuring
the business investment decision process and linking this revised investment
model to a newly developed financial sector. The financial sector would
determine an interest rate that would enter as an arqument into the rental cost
of capital. The feedback mechanism would be orovided by business financial
flows from the business sectors to the monetary sector. These financial flows,

1.3
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in turn, would influence the behavior of the monetary authorities. If
structured reasonablv well, the feedback loops from interest rates to
investment to business flows to interest rates would be self-correcting. The
proposal was predicated on the idea that these two major changes to the model,
along with the addition of national income and product accounts and some
simplification of the model, would serve to set it right.

Subsequent events suggest that this idea was somewhat naive. In
anticipation of the conclusions of this study, Battelle has found that there
are other major shortcomings to even the revised model. The strategy of this
project has been to modify that which can easily be changed, but to circumvent
other problems that exist as a result of misspecification of other sectors of
the model. Because these major problems still remain, ERDYM must be used with
caution. Areas that require this special caution are highlighted throughout
the remainder of this report so that users of the mode! will avoid some
pitfalls that our efforts have uncovered. The recommendations chapter that

concludes this report details the remaining problem areas and suggests remedies.

1.4
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2.0 MODEL OVERVIEW

This chapter provides an overview of the structure of Economic Recovery
Dynamics Model (ERDYM). The intent of the discussion here will be to provide
the reader with sufficient information to understand the basic workings of the
system and to put the work in the current study into proper perspective. Since
this description of the model draws heavily on the Pugh-Roberts report
(Peterson 1980), the reader who wishes a more detailed treatment is referred to
that earlier report.

2.1 INPUT-OUTPUT STRUCTURE

ERDYM may be characterized as a dynamic input-output simulation model of
the U.S. economy. The economy is divided into 14 productive sectors as shown
in Table 2.1. These sectors can be divided into three functional areas:
production, oroduct transfer, and consumption. The producing sectors (metals,
non-metals, energy products, non-fuel consumables, capnital, construction,
agriculture and consumer goods) are those whose output is primarily ohysical
goods. These goods can be inventoried and can be later used by other sectors
either as intermediate inputs to production or sold to final consumers. The
product transfer sectors serve as intermediaries hetween producers and
consumers. The transportation sector most vividly falls into this cateqory,
although medical services and trade and services can also be interpreted as
fulfilling this sort of function. Households, government and exports are
consuming sectors within the model.

A nuclear attack or other maior disaster would damaae different sectors to
different degrees, creating imbalances in available factors of production and
demands. The use of input-output structure can improve the realism of the
analysis, thus it can aid the formation of policies that will alleviate
potential imbalances and ontimize recoverv.

The input-output structure serves to interconnect the 11 production and
product transfer sectors. The output of each sector mav be used as an input
within the sectors, may be shipped to the other sectors to be used as inputs to
production, or may be sold to final consumers. The model conserves physical
flows of products, these inventories are adiusted when factor demand outstrips

total supnly in the short run.
2.1
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TABLE 2.1 Sectors in ERDYM

1. Metals

Non-metallic materials

S
PRI
~

3. Energy products

4. Non-fuel consumable materials

o

é& 5. Caoital equipment
- 6. Construction

%, 7. Consumer goods

£ 8. Agriculture

.u 9. Medical services
‘3 10. Transportation

‘§ 11. Trade and services
Z 12. Government

‘, 13. Households

:ﬁ 14. Exports

-

3

3

AR r -
l' v

&
a%a

ot e

—
)

» 2.2




F “~ t LA Ad G ARSI A A S Rl A S P At it dad nd_ s Aul it Al e e Nl e T e St it S LIRS T AR A T R Rt
S

:

In this study, the model was calibrated to the appropriately aggreaqated ]
version of the 1972 input-output tahle ouhlished by the U.S. Department of 'Y
Commerce. The 12-sector (this calibration is discussed in more detail in -
Chapter 4) tahle was used to parameterize the model, oroviding initial '
conditions for intermediate input requirements and final demand components.

During simulation, the model is capable of adjusting the input-output i}
relationships on the basis of technological advancement or in response to input '
shortages.

2.2 FINANCIAL STRUCTURE

The financial structure of the model incorporates many aspects of corporate
financial decision making, including capital investment, debt acquisition,
dividends, and pricing. ERDYM maintains simplified versions of an income
statement and balance sheet for each of the production sectors. The relative
values of the financial variables, such as return on capital, deht and

revenues, help to characterize the financial soundness of each sector, which in
turn influences capital investment and production. The subsequent chapter will
describe this linkage to investment decisions more thoroughly, as this area has ®
been extensively respecified in the current study.

2.2.1 Income Statement

P . Lo .
, et A .
S v, Ctele e T
TN T BT OF VY L P

The income statement focuses on revenue and costs. Revenue is defined as
unit sales (equivalent to amount of output used in the economv, not production)
times price. To calculate price, a target profit margin is calculated and
added to unit costs of production. To account for short run periods of excess
demand or supply, a multiplicative factor is applied to the cost of production
(plus target profit margin). This factor generallv depends on how far the
level of inventory stocks deviates from some desired level,

Costs are classified as either fixed or variable. Variable costs depend on :i
the level of production activity; they include wages and benefits, costs of .J
intermediate (materials) inputs, and transportation and marketing costs. Fixed ;f
costs include rent, interest on deht, property taxes, maintenance costs, and ;?

4
depreciation. In the short run, these items are independent nf the sector's ]
level of production. o4

R




Before-tax profits are basically total revenue minus total cost. Income
tax is calculated as a simple fraction of before-tax profits in the current
period. Dividends are hased on a moving average of after-tax orofits, using
the geometric smoothing function of the DYNAMO lanquage. Retained earnings are
simply the difference between after-tax profits and dividends paid.

2.2.2 Balance Sheets

The balance sheet for each sector adheres to the standard accounting
identity: Assets = Debt + Net equity. Each item in the balance sheet is a
level variahle in terms of DYNAMO. Double entry bookkeeping assures that the
accounting identity is preserved in each period of the model. To assure that

‘,I ’A ”-

the identity holds in the base period of the model, an initialization equation

Os

.
- “‘

computes equity as the difference between initial values of assets and debts.

Three assets are distinguished in the model: book value of capital, hook
values of inventory, and cash. Chances in the book value of capital respond to
gross investment, depreciation, and the values of any capital loss. The hook
value of inventories depends upon the differences between variable cost of
production and cost of goods sold. Cash, which covers a variety of short-term
assets as well as demand deponsits, is influenced by a number of variables:
retained earnings, new debt borrowing rate (+), repayment of debt principal (-)
and capital investment rate (-).

2.2.3 Debt

A sector may acquire new debt for working canital or for capital
investment. When current cash is insufficient to meet current expenses, a
sector may borrow for working capital. Borrowing for capital investment is a
financial policy decision and is influenced by the need for additional capacity
and bv the interest cost of the new debt. Chapter 3 discusses in more detail
the role of debt acquisition with regard to capital investment.

2.3 PRODUCTION FUNCTIONS

Production relationships within the ERDYM are specified according to what
Pugh-Roberts (P-R) terms the "soft-minimum production function." The
production function for each sector determines the maximum output that can be
produced given available quantities of labor, capital, and intermediate

2.4




cases of shortages of one or more factor inputs.

The production function in ERDYM is most clearly illustrated in the case of

two inputs, although it can be generalized to anv number of inputs. Fiqure

o 2.1 is reproduced from the 1980 P-R report and shows the basic form of the
production function used. The first term on the right of the equal sign in the
equation shows the amount of output that could be achieved from the available
quantity of input 8 if all other inputs were available in normal quantities.

® If input A is not completely available, then only a fraction of the potential
output from input B will be realized. This fraction is termed by P-R the
"adequacy of input A."

The determination of the adequacy of input A is the key to the production
function used in the model. As P-R discusses this determination, "The adequacv
is determined by the ratio of the potential output from the available quantity
of A (assuming unlimited quantities of B), divided by the potential ouput from
the availahle quantitv of B (assuming unlimited quantities of A)." If this
ratio is less than one, then input A is in relatively short supply, and becomes
the Yimiting factor of production. If the ratio is greater than one, then B is
in short supply.

The specification of the adequacy function (for A) may vary according to
the importance of A and its rate of use in production. The adequacy function
in Fiqure 2.1 corresponds to inputs that are critical to production, such as
production workers and (embodied) materials. If there is a shortaae of any one
of these inputs, production may be limited or stopped altogether. Thus, the
overall production function is the simple minimum of the potential outputs from
the various factor inputs, each assuming an adequate suoply of all others.

The strict proportionality relationship shown in Fiqure 2.1 may be
'Y jnappropriate for some sectors. This may occur, as Pugh-Roberts posits,
",..when the complete lack of some kinds of machinery may slow production but
not stop it (as is the case when the operation may be performed more slowly
with hand tools)." The top panel in Figure 2.2 shows the adeauacy function in
@ the case of a non-essential input to production. In this particular case, even
when input A is unavailable, the value of the adeguacy function is .5.

2.5
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inputs. The presence of a production function provides a supply side to the
® model and permits the modeling of rationing and allocatinn systems to handle
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This characteristic of the adequacy function is why Pugh-Roberts labeled
z( this specification the “soft-minimum production function."

The prodution function used in ERDYM can also represent impacts with
variable elasticities. Such a case is shown in the bottom panel of Fiqure
2.2, In this case a small reduction in input A is not expected to seriously
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impact production caoability. However, the constraining impact becomes
proportionately greater as the severity of the shortage is increased.

2.4 RESOURCE ALLOCATION

ERDYM contains a fairly elaborate allocation mechanism that can be used to

_(i simulate potential government rationing programs. This mechanism is based on
Eﬁf the existence of variables that explictly account for demand, orders, pnlanned
t: production, inventorv change, and import availability. In each period of

i3 production, the shortfall is computed for each sector. If the shortfall is
,:i zero, then all sectors (intermediate as well as final consumers) receive

exactly what they order. If the shortfall is positive, each sector receives
what it orders less a fraction of the overall shortfall. The svecific values
of the fractions depend on the relative proportion of total demand and on a set
of pre-specified priority weights.

o Under conditions of a production shortfall, ERDYM uses a function termed a
. SHARE macro to allocate supply. For two sectors competing for a single -
e product, the mathematics of the SHARE macro is fairly straightforward.

o Equation 2.1 indicates the amount of product allocated to sector 1; Equation
2.2 does likewise for sector 2.

_ R1 = D1 - SF * (D1/PR1)/((D1/PR1) + (D2/PR2)) (2.1) i ‘
2{ R2 = D2 ~ SF * (D2/PR2/((D1/PR1) + D2/PR2)) (2.2) ]
‘ where A
b
) R1, R2 = production received in sectors 1 and 2, respectively ng
5 D1, D2 = demands for sectors 1 and 2, respectively ]
= PR1, PR2 = priority weights for sectors 1 and 2, respectively ;
- 0 PRI 1, 0 PR2 1 :J
O SF = shortfall -
2.8
-6 ‘
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The specification of Equations 2.1 and 2.2 ensures that:

total deliveries to all demanding sectors equal total supply

N

under normal market conditions, with adequate supply, each sector
receives the quantity it orders (and no sector receives more than
orders)

3. when shortages are present, uniquely low priority sectors absorb most
of the shortfall.

A distinct advantage of the allocation mechanism in ERDYM is that it can
provide a smooth transition from a normal market economy to one in which severe
shortages are present. Various specifications for priorities may be tested in
order to analyze the role of government allocation policies promoting recovery.

2.5 HOUSEHOLD SECTOR

The U.S. population in ERDYM is broken out into age, employment, and health
classes. This disaggregation helps to determine both the composition of
consumption expenditures and labor suboly. In general, consumer demand depends
on the subsistence needs of population and on the most recently achieved real
standard of living. Labor suppnly depends on the availability of consumer goods
over and above subsistence levels and on the psychological state of the
population.

2.5.1 Consumntion

The consumption portion of ERDYM determines consumer demand for nine major
categories: food, enerqgy, automobiles, other consumer durables, non-fuel
consumables, transportation, personal services, housing, and medical care. The
specification of demand is fairly simple. Since consumers generally expect an
ever-increasing standard of living, the demand for most commodities is modeled
on the basis of growth factors determined from historical data. For
subsistence categories, food and medical care, minimum levels per capita are
set to establish survival-level floors.

The sum of total desired consumer expenditures is then compared to funds
availahle for consumer expenditure. Available funds depend not only upon
current household income but also upon prior savings and availability of

2.9
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consumer loans. When funds are insufficient to finance desired expenditures,
SHARE macros (as discussed in the previous section) are used to finally

allocate funds to the given budget constraint. Rationing can also be imposed

by the government to modify the demands stemming from the system just described.

2.5.2 Labor Supply ¢

The potential labor force in the model is comprised of persons aged 15 to
65; workers within this age group are either employed or unemployed. The
demand for Tabor for each sector depends on planned production. Adjustment to
desired labor demand by firms is not instantaneous, as there are hiring &
delays. The model also takes account of labor hoarding during recessinnary
periods: workers are laid off only after appropriate delays.

The unemployed population is broken out into two groups: those within the
labor force and seeking employment, and those not in the labor force. The
movement of people in and out of the labor force depends on the health
condition of the population, public confidence, and the perceived duration of

unemployment.

o
The health condition of the potential labor force is a critical factor to ’

economic recovery after on attack. The health condition is represented in the
- model by specification of a "sick" or iniured pooulation. The size of this
- group depends upon the adequacy of medical care facilities. Individuals

m_ recovering from injury enter a groun of workers termed by Pugh-Roberts as the
'ﬂff "well labor - not in labor force pool." Here public confidence is a key
variable in deciding how quickly these workers will actually enter the active

b labor force. Factors that determine the state of public confidence are o
discussed below. ’

3{{ 2.5.3 Psychological Factors

ERDYM contains an elaborate psychological effects sector that distinguishes o
it from a conventional economic model. This sector seeks to model the
attitudes and sentiments of the population that in turn impact upon their

economic behavior.




.................................................
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The key psychological variable in the model is an index of public
confidence, This factor is a measure of that degree to which the pooulation
believes that productive effort and saving will produce long-run benefits,
Three specific economic variables are affected by the public confidence index.

First, the savings rate is higher for higher levels of public confidence as
peoole (again) develop confidence in the financial institutions in the economy
and believe future benefits outweigh the sacrifices in current consumption.
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The savings rate will be Tower if people are experiencing subsistence levels of
income or if they perceive that the probability of receiving future benefits .
from current saving is low. _ -

Second, the productivity of the employed labor force is affected by the
state of public confidence. High morale among the population, historically
evident during wartime periods, is expected to enhance labor productivity.

Third, the rate of labor force participation depends upon public
confidence. If public confidence declines to very low levels, it is expected
that workers may withdraw from organized productive activity as concerns for
the immediate subsistence of family and friends become more paramount. These
concerns may be manifested in looting or subsistence activities, which would
contribute Tittle to GNP. The index of public confidence is, in turn,
influenced by economic variables, as shown in Figure 2.3 reproduced from ti::
1980 Pugh-Roberts reoort. The three economic variables are the level of GNP
per capita, its perceived rate of change, and the adequacy of resources for
survival. A high level of per capita GNP compared to the traditional value
(represented in the model as roughly a smoothed average over 10 years) will
tend to improve public confidence. Even at low levels of GNP per capita, it is
expected that improvements in standards of living will raise public
confidence. Thus, both the direction and magnitude of change of GNP/capita
affect the confidence index. Survival itself is tenuous in the aftermath of
massive nuclear attacks; the measure of public confidence also depends upon the
availability of subsistence food resources and the death rate of the population.

WS
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One of the psychological factors influencing public confidence is assumed
to be lingering trauma from the widespread death and destruction that would be
caused by a nuclear attack. Confidence will not improve until people recover
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from the shock of the deaths of family members and friends and either clear
away the rubble of detroyed buildings or adapt to it.

Charismatic official leaders can also help to improve the morale of the
population. This is assumed to only occur if the government had previously
established a reservoir of goodwill by the strong leadership of political
leaders or from efforts to prepare the population psvchologically for an
attack. In the model, the size of the reservoir is modeled as a stock
variable, whose pre-attack value becomes a policy input.

2.6 GOVERNMENT

The government sector in ERDYM includes local, state, and federal

activities. The government has two major functions. The first is economic; in
providing public goods, the government collects taxes and purchases output from

other sectors {including labor services). The government also redistributes

income in the form of various transfer programs. The second major function is

to requlate various aspects of economic behavior. In ERDYM key requlatory
programs are rationing and wage and price controls.

2.6.1 Economic Role of Government

Revenues

The representation of government financing in ERDYM is straightfoward.

Government revenues are comprised of the personal income tax, corporate income

tax, state and local taxes (including federal excise taxes), and social

security taxes. Each tax item is simply the product of an exogenous effective

tax rate times the appropriate tax base. For estate and local taxes,

consisting primarily of property taxes, the tax base is the total capital stock

in each sector. For the other tax items, the tax base is the apnropriate
income item.

Expenditures

Government expenditures include purchase of goods and services, emplovee

compensation, transfer payments, government subsidies to industry, and interest

on the national debt. The demand for goods and services by government is
represented by a function of the number of government employees. Government

2.13
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labor, in turn, is related simply to the total population by means of an

exogenously specified multiplicative factor. Pugh-Roherts develnoed a means by r
which a military mobilization could be modeled within ERDYM, Mobilization 1
increases demands in two ways. First, the increase in government employment )
caused hy a mobilization pushes up demand for all goods and services. Second, j

the per-employee demand can be increased over and above its normal ratio,
reflecting the extra demand that would be placed on key sectors. From work in
.f the current study, transfer payments are now exogenously specified in terms of
- real (constant 1972) dollars per beneficiary, FRDYM inflates these values to
ii current dollars based on the model-aenerated prevailing price level. Section
3 A.5 in Appendix A provides a more detailed discussion of the breakdown of
i government transfers within the model.
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Interest on the national debt is simply the product of an average
government interest rate and the value of the debt. The average interest rate
is continually updated and varies with regard to the magnitude of the additions
to the existing debt and how much the current interest rate differs from last -3
\ period's average. Current government deficit or surplus is simply the :

L

. . -
difference between total revenues and expenditures. 2 )
~ 4

2.6.2 The Regqulatory and Planning Role of Government

A number of potential government actions that can be implemented during a
recovery scenario are built into EROYM . Five basic sets of "policy levers"
. are available to allow simulation of possihle approach of government
s intervention: production planning, rationing, wage and price controls,
: financial incentives and subsidies, and monetary policv. The discussion below 4
describes the first four of these categories; monetary policy is discussed in ~ 4
. detail in Section 3.3. Appendix B provides summaries of all the available
N policy levers and cites specific model variables and parameters that must be
changed to simulate desired policy actions.

Production Planning

” Within ERDYM government can influence the distrihution of commodities by
- determining each sector's priority for obtaining those commodities in short

supply. As Section 2.4 described, the resource allocation logic used in the - ;
model attaches a priority weight to the request of each sector for the outout 4

N 2.14
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of another. By varyina relative priorities, the mndel user can then test the
sensitivity of recoverv growth rates to various allocation schemes. This

feature allows ranid analysis of a wide variety of central planning strateqgies,
since the model is capable of simulating any combination of oriorities.

Rationing

Direct rationing is a second means bv which the government can alter the '}
distribution of goods and services within the economy. Rationing within ERDYM o
is directed solely at the household sector. Resources freed up from limitation ;:
of consumer goods can then be directed toward investment activities that can 3
expedite the recovery process. In ERDYM, rationing can be set on all consumer !;

good categories, with the exception of housing and medical services. The
model requires the time at which rationing is to start, the length of the
rationing program, and the per-capita or per-household demand for each good
during the rationing program.

Wage and Price Controls

Government can influence both the overall inflation rate and the pattern of

EYRPRIP AP NP Y - Ve S S

relative prices by means of wage and price controls. Wage controls in ERDYM
are represented by a constant upper 1imit on the annual percentage change in
wages, applicable to all sectors equally. This representation is similar to
the wage controls imposed during 1971 and 1972. Price controls are represented

‘

PUTR T ETIY U Y W S PLILY WY

by a single variable that reflects the extent of market pressure (supply-
demand balance) on sector pricing decisions. In periods of unbalanced
inflationary pressures, this variable will have the effect of altering relative
prices as well as moderating the overall rate of inflation.

Financial Incentives and Subsidies ’

ERDYM contains several means by which the government can influence economic

LS8
)

decisions through financial incentives. For the most part, these cover

-

T4

T X7,
P
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incentives to stimulate investment activity. Specific incentives in the
category include the investment tax credits, deferment of interest payments on
deht, and accelerated depreciation. Direct subsidies are alsn a means hy which
ﬂj an industry sector can obtain financing to stimulate investment activity.
Subsidies are represented hy adding (non-taxable) cash to a sector's revenues,
which then can augment funds available for capital investment.
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3.0 MAJOR STRUCTURAL CHANGES TO THE MODEL

L

o o
S

3.1 INTRODUCTION .ﬂ

—_— L

There are two major sectors that have been added or substantially revised ]

] in this version of ERDYM. First, investment decisions in the business sector ".'1
have been modified to follow a neoclassical approach. The second maior 'ﬂ

structural change to ERDYM is the addition of a monetary sector structured so _

that interest rates adiust to changing financial stocks and flows. The J

® interest rates that adjust in the financial sector then feed back to both the @

business and consumption sectors to influence the financial flows that are ff:
accounted for in the monetary sector. :

The investment sector embedded in ERDYM has been descrihed in some detail
in previous interim reports. The introduction of a monetary sector has
necessitated some minor changes to the previous specification--specifically,
the sensitivity of both business borrowing and business investment to interest
rate changes has been modified. But with these changes, the investment sector
still remains a neoclassical model of optimum capital accumulation rather than
the investment sector originally defined in ERDYM, more accurately described as
a capital budgeting model of investment,

The monetary sector introduced into ERDYM is built along lines suggested by
James Tobin (1980). It is a general equilibrium model that recognizes the
halance sheet and portfolio constraints that affect the behavior of the
principal actors represented in ERDYM--households, businesses, financial
institutions, and government. The balance sheet constraints apply across
sectors--e.g., the new loan assets created by banks when they float business
loans are exactly offset by the liahilities of the businesses--while the
portfolio constraints apply to each sector. The introduction of a separate
monetary sector allows for the determination of interest rates and more

realistic behavior of the various agents within an economic model. It required -
the inclusion of a financial sector separate from those sectors previously
identified in the model.
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® The introduction of a monetary sector into the model alters the behavior of .j
economic agents in all sectors of ERDYM, Consider the behavior of four gji
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j%l economic groups and how they interact. Consumers, whose income flnws give rise f
[ to transactions demands, purchase goods and services paid for with money. "i
,1 Deferring current for future consumption, which results in the accumulation of
?T wealth, is another choice of this groun and can result in qgreater future income ;
i: flows. The financial sector is a second group, and includes twn further 5
X economic agents--banks and monetary authorities. The liabilities of the banks " i
arise as consumers and businesses deposit funds to their institutions; these j
liabilities are offset with assets in the form of business and consumer loans 1
and the purchase of government bonds. The monetary authorities pursue A
stabilization policies in response to changes in economic conditions. o *
#: Businesses, a third group, can borrow directly from financial institutions thus 1 )
. creating Toans--assets of the financial sector. The final economic group, ;
:i whose activity is of only minor importance to this description of the ?
Z:' interaction of major economic participants, is gqovernment. The fiscal policies ” 5
O of federal, state and local governments can have a direct effect on the :
T: behavior of the other participants only through their indirect effect on the q
:% balance sheet of the economy. This can occur when large discrepancies arise 5
¥, between revenue and expenditures (deficits or surplus) or when fiscal :
‘: parameters that influence behavior, such as tax rates, are changed. = i
i; To modify ERDYM to reflect these behaviors, a number of structural changes ;
:2 have been undertaken. These structural changes are described in the remaining X
- three sections of this chapter. In the next two sections, the investment and - 3
- the monetary sectors are handled respectively. Each of these sections is j
3? divided into two parts. The first provides a theoretical framework for the i
= subsequent implementation into ERDYM; the second describes the implementation ]

of the theory in the model. The final section of this chapter will describe
the policy nursued by monetary and fiscal authority, and the variables
availahle to the user of the model. A more detailed discussion of the use of
these policy variables is contained in Appendix B.
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3.2 INVESTMENT

Since the accelerator model of investment was promulgated by Paul Samuelson
in 1939, a variety of theories to explain investment behavior have apoeaved in
the economic literature. Section 3.2.1 hriefly descrihes some of these -
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theories and discusses the empirical evidence to support them. From this set

we select the theoretical structure most supnorted by the evidence. Section
3.2.2 then describes how the chosen theoretical structure is implemented in the
model.

3.2.1 Alternative Theories of Investment

The theories of investment and their empirical implementation during the
opast thirty years can be conveniently summarized by the following five
classifications. Manv of the existing investment functions combine one or more
of these theories, as does the system dynamics model we propose, but for
purposes of exposition we can treat these strands separately.

Generalized acceleratnr, This most venerable formulation of the

investinent function has roots going back to the beginning of business cycle
analysis (Tinbergen 1938; Samuelson 1939). The model was developed as a
general distributed lag relationship involving both changes in, and level of,
output, but the adjustment in any given period is only partial.

Cash flow model. 1In this version, current and past profits are thought

to be a good proxy for expected future profits, which in turn determine
investment. Other variants of this model have emphasized that cash flow is
important, for it serves as a source of funds in the presence of risk and
imperfect capital markets. In yet other variants, the amount of debt relative
to assets or equity serves as a barrier to investment beyond which the cost of
canital rises sharplv. While no one has recently develoned a pure cash flow
model, it serves as a central variable in a variety of studies, including that
of Duesenberry (1958).

Securities value model. The basic theorv underlying the securities

value model has been developed by Brainard and Tobhin (1968). They state that,
"One of the hasic theoretical propositions motivating the model is that the
market valuation of equities, relative to the replacement cost of the ohysical
assets they represent, is the major determinant of new investment. Investment
is stimulated when capital is valued more highly in the market than it costs to
produce it, and discouraged when its valuation is less than its replacement
cost." (po. 103-104). To the extent that low equity values and a high
debt/equity ratio occur concomitantly, that ratio may also be included under
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the aegis of the securities value model. The Brainard-Tohin theorv received
some public support as evidenced by the fact that it was used in both 1977 and
1378 Economic Reports of the President tn explain why the ratin of invesiment

to GNP has remained unusually low during the current business cycle recovery.
Subsequent data revisions have raised questions ahout this explanation.

Standard neoclassical model. In this theory, developed bv Joraensen
and Associates (see, e.g., Jorgenson 1967), each firm is assumed to he making

adjustments toward a desired stock of capital. In contrast with the
accelerator model, however, this model assumes that desired capital stock
depends not only on equilibrium output but on the ratio of the outout price to
the implicit rental price of the services of capital goods.

Under fixed production technology and competition, the price of capital
goods must equal the present value of fixed rentals. Hence the desired caoital
stock is equal to a(gx), where p and x are the price and quantity
indices of output, ¢ is the rental price of the services of capital goods, and
a is a constant equal to the responsiveness of output to capital. The rental
cost of capital, c, is determined by a varietv of factors includinag the price
of investment goods, depreciation, rates of return, the discounted value of
depreciation and of government programs such as tax rates.

Putty-clay neoclassical model. This theory, develooed by Bischoff

(1971a) takes as its point of departure the work of Jorgensen but permits the
capital elasticities with respect to output and rental cost to differ. In
addition, the rate of return is assumed to be a function of the long-term bond
yield, the dividend/price ratio, and the expected rate of change of output
prices. The model is known as "putty-clav" because factor proportions are
assumed to be variable only up to the point that new capacity is put into
place, after which they are "baked" into their final form. Hence rather than
adjusting investment toward a desired level of capital stock, firms are assumed
to adjust toward a desired level of productive capacity. As a result, they may
react differently to changes in output and changes in the relative cost of
capital.

3.4
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Evidence of These Theories

aaa .

The major comparisons of these various theories of investment have heen
undertaken hy a variety of economists, most recently by Peter Clark (1979),
The results are not unequivocal; in particular, Jorgensen and Siebert (1968)
and Bischoff reach completely different conclusions about the worthiness of the
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standard neoclassical model. With this caveat, we report that the general
conclusions are as follows: ]

1.

''''''''
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Cash flow by itself--i.e., without considering the favorable effects of

Tower tax rates or more favorable depreciation--has no significant
effect on investment. This means, for example, that a corporate cash
rebate, or a lowering of the tax brackets for the first $106,000 of net
corporate income, would have very 1ittle if any positive effect on
investment. Indeed, Bischoff (1971b) reports that "The performance nof
the two cash flow equations, in contrast to that of the three models in
which output plays a major role, is definitely inferior ... the results
do not seem to support the profit-based model." (o. 33). Joraensen and
Siebert (p. 209) also conclude that "theories based on capacitv
utilization or profit expectations ... are superior to a theory based
on internal funds available for investment." Hence at least this point
appears to be well established in the literature.

The standard neoclassical model, which posits the same elasticity for
output as for rental cost, is unduly restrictive and in general leads
to poor forecasts and simulation results. The problem is clearly seen
in a comparison given by Bischoff (1971b) for the predictive value of
the five classes of investment functions mentioned previously for the
period 1971-1973. Four of t-e five accurately oredicted the sharp
increase in real capital spending that occurred during this period;
yet the standard neoclassical model predicted a slight decline.
According to Bischoff, this failure is due to "the weakness of the
accelerator effect in this equation, as well as the low long-run output
multiplier." (pp. 42-43),

Taken together, the tax variables appear to have a potent effect on
raising investment, although it is not clear whether this short-term
effect continues in the lona run. Work done bv these econnmists shows
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a close correlation between the change in investment and the laaged
change in the effective cornorate income tax rate--i.,e., taking into
account changes in all the tax laws affecting investment--once the
effect of changes in output have been determined.

This evidence suggests that the most apnropriate description of investment
is one that takes into account real, discounted rates of return, output or
capacity, and tax incentives on investment. Yet most of the system dynamics
models of investment (e.g., Mass 1975; Day 1980) rely on the accelerator
version of investment or on cash flow, as does the original version of ERDYM,
In the next section we show how a model of investment can be structured to
incorporate these additional considerations.

3.2.2 Implementing the Investment Sector

A major flaw in the soecification of the previous version of ERDYM was the
modeling of the business decision to invest. Whereas an economist would
envision a firm making a rational decision to replace or expand the existing
plant and equipment based on analysis of discounted returns and costs of the
investment project, the model prior to modification structured that decision
primarily as a financial one, largely placing the decision in the hands of
lending institutions. Moreover, the financial institution's decision was hased
largely on the level of debt of the industry and the historical ratio of debt
to equity. In the current version, these shortcomings have been corrected.

We have replaced the maximum debt-equity ratio that limited investment with
a moving average of industry debt. This moving average then becomes the norm
against which financial institutions measure their willingness to lend. But
this willingness is modified by real interest rates alonqg the lines suqggested
in the previous section. Thus the influence of the availability of funds on
investment is tempered by the ooportunity that investment provides to generate
a return sufficient to cover its costs. So on the financial side we have

altered the model to fit more realistically into the framework of the monetary
sector described in the next section.
. We have further modified the business sector at the point where the firm
makes a decision to invest. The original version of the modei added
b replacement and expansion demand for capital to determine desired capital
i 3.6
:j:ﬁj
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purchases. As far as it goes, there is ncthing wrong with the aoproach. We
have expanded this decision-making apnaratus to exolicitly take into account
the cost of capital. We have done so by constructing a user cost of capital
variable that modified the desired level of capital purchases by reducing or
magnifying desired capital as user costs are high or low, respectively. The

user cost of capital is derived from the neoclassical theory of capital
accumulation.

The neoclassical theory of capital accumulation, based on the work of Dale
Jorgensen and others, arques that the relevant cost of capital that enters the
business decision process includes a number of factors other than just the
price of the canital goods. Specifically, the user should include the
discounted tax value of depreciation; the tax rate apnlicable to the firm;
other tax incentives such as the investment tax credit; appropriate measures of
the finance costs associated with the capital undertaking, either through
equity financing or borrowing; and the relative price of the capital goods
compared to the price of the qoods produced by that investment. We have
constructed this user, or rental, cost of capital from the tax rates and
interest rates that exist in the madel.

The model uses this rental cost of capital measure to alter the levels of
desired capital replacement or expansion. Once the rental cost variable is
constructed, it is used as input to a function that acts as an investment
multiplier--increasing the desired level of investment if the rental cost is
low, reducing it if the rental cost is high. This multiplier, then, acts as an

jnvestment elasticity in a manner similar to the effects of interest rates
discussed before.

The initializing data for ERDYM have been updated from 1965 to 1972. To
change the initialization period, we have had to derive a number of series from
published sources that need explanation. In the main, our strategy has been tn
use published sources of data where availanle, with onlv the necessary
modification needed to fit within the framework of the model. The major intant
of this section is to sketch out the sources of data and to describe the types
of modifications made when the published data were inadequate.

There are several sources of data on which we have tried to rely. Where
nossible we have used the Bureau of Economic Analysis data in all the GNP
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accounting identities. Industry detail for emplovment, profits, and output

are taken from the Bureau of the Census. We have used the 1972 Input-Output
table to update the industry coefficients where applicahle. Capnital stock data
are attributable to the Bureau of Industry Economics., A1l the agencies
mentioned so far belong to the Department of Commerce. Financial data we have
collected from the Federal Reserve System. But we have supplemented this
financial data with industry detail available from the Internal Revenue
Service--1972 Corporate Income Tax Returns.

We have relied on IRS data to develop an industry distribution of assets
and liabilities. But these numbers have very little relationship to the
published National Income and Product Account numbers. To align these
different sources of data, we have relied on the Commerce data sources as
benchmarks, using the IRS data to provide the appropriate industry distribution
of balance sheet entries.

3.3 MONETARY SECTOR

The monetary sector that we envisaged introducing into ERDYM can be
developed along lines suggested by James Tobin (1980). It is a general
equilibrium model that recognizes the balance sheet and portfolio constraints
that affect the behavior of major economic factors--households, businesses,
financial institutions, government, and the rest of the world. The balance
sheet constraint applies across sectors--e.g., the financial assets created by
banks when thevy float business loans are exactly offset by the liabilities of
the businesses--while the portfolio constraints apoly to each sector. In the
case of households, for example, the portfolio constraint assures that
adjustment to assets held by the household sector in one time period are
identical to net savings in that period. The structure of these relationships
can be pictured as a matrix, with the sectors as headings for the columns and
the rows identified for each class of asset. Then the halance sheet
restrictions imply that entries for the different sectors on any row will sum
to zero. Similarly, the portfolio restrictions require that the column entries
sum to the change in the net wealth position of the sector; net savings for the
household sector; the negative of investment to the business sector; the net
surplus for the government sector; zero for the financial sector; and the
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current account deficit for the rest of the world. The halance sheet identity
for this total row is the familiar savings-investment identity.

This matrix of financial flows is converted to a model of aconomic hehavior
when the entries in one or more of the cells of the matrix are treated as
variables with equations explaining the acquisition or sale of the asset. Then
the balance sheet constraints become equilibrating conditions for the asset
market represented by the row, and the total rows for all sectors become the
locus of the I-S curve. These flows occur within any single time period; a
dynamic model can be constructed from these flows by having stocks ad just
through time on the hasis of these flows. Since this approach to stock
adjustment is consistent with the system dynamics approach and DYNAMO, the
Tobin general equilibrium aporoach seemed an ideal strategy to follow for
modification of ERDYM,

As develooment proceeded on this type of model, it became evident that the
structure of ERDYM could not support even a simplified version of a Tobin
model--the financial flows simply did not exist. In consequence, the
implementation of the model in a form suitable for ERDYM is less than the
general equilibrium structure that was hoped for. The remainder of this
section will detail both the theoretical structure of the model and the
adjustments that were made to this structure to enable the construction of a
financial sector in ERDYM.

3.3.1 Theoretical Structure

Begin by considering a financial system that consists of five sectors.
These are households, businesses, financial institutions, government, and the
rest of the world. The rows identify alternative assets. A matrix constructed
to reflect this financial system is presented in Tahle 3.1. An entry in a cell
of the matrix is the net transaction of the sector auring the time period under

S

consideration: refer to such an entry as °x;, where the x is the flow

transaction, the s represents the sector, and the i identifies the asset.

Consider as an example, that the asset Al is monev. The entry under the
household sector for this asset would he the net additions to demand deposits,
increases in currency holdings, and possibly, additions to time and money
market depnsits, depending on the chosen definition of the monev supply. The
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Ff" entry under businesses would he similar to the househnld sector; it would
}; represent net additions (subtractions) to the cash account of businesses. °
20 Under the financial sector, the entry would represent the net increase in the
:j: liabilities of the banking sector that are included in the money supplv, i.e.,
ﬂjf changes in demand deposits held by business and households. Since these are
1 E liabilities to the banks, this entry would have a negative sign. The .
\.’ government entry would represent net additions to high-powered money--currency
9 and deposits that can be used as reserves. The final entry would be the
R foreign balance entry for the rest of the world that would represent the net
ot
£ capital flow on current account that falls within the definition of money. In P
0 the asset market for maney, as for any other asset in a closed system, the sum
i;; of these five entries must be zero.
< TABLE 3.1. Financial Flows Matrix ®
*,‘.
Ay
_{i; Sectors
20 Rest of
Assets Households Business Financial Government Wor 1d Total .
Al "X, %, 0
R A2 by, 0
o
< A3 0
.'.. .
e Total Net Savings (-) 0 Deficit (-) 0
e Investment Current
S Account
e Balance
J‘_f."
@
The transactions that occur during the time period for a sector (the
fgg entries down a column) represent adjustment to the portfolio of tha sector.
;ﬁf Consider the household sector as an examole. Within the time period used for
o analysis, the household will liquidate some assets, acquire other assets, alter
M . @
;!{ its savings and demand deposits, and have assets revalued as a result of price
bEli changes during the period. The net chanae in the vortfolio of the household
j:' sector will be the financial representation of the savings effected by that
.\.
Y sector during the period.
@ ®
:j:
Po 3.10
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This matrix of financial flows takes on the characteristics of an economic

P model when the entries in the cells become variables that are explained with
behavioral equations. For example, the money holdings of households might he
represented, in standard Keynesian terms, as a function of transactions demand,
while other household asset demand might be more directly related to ligquidity

‘. preference. Thus the savings function takes on the familiar form of most

textbook representations--jointly determined by transactions demand and
liquidity preference. As equations are added to explain cells in the matrix,
the balance sheet identities become market clearing conditions; similarly, the

® portfolio identities allow the reduction of the number of markets considered.
This form of financial model could be estimated econometrically exploiting the
balance sheet and portfolio condition in the estimation of the parameters of
the model.

: () But the abproach taken here is quite different. The first step in the
conversion of this theoretical framework to a financial model in ERDYM is the
selection of the sectors and the identification of the flows in the model. The
f second stage is the development of the balance sheet identities that allow for
o a consistent monetary sector. The final stage, then, is the specification of
monetary policy and how it influences the sector. These are the topoics of the .
next section. .

o 3.3.2 Implementation .

Some thought had been given to the construction of a monetary sector in the
original version of ERDYM. Two balance sheet items were identified in the o
model when work began on modification: the total loans and total demand
deposits of the financial system. After updatina the model to the 1972 data,
these balance sheet flows bore little relationship to any reported financial
statistics that the Federal Reserve published, so we began the work anew. The
current specification of the sector balance sheet is given in Table 3.2. o

The assets of the financial system consist of loans to the business sector
and required reserves. The liabilities of the system are deposits from
households and businesses, the reserve base, and horrowed reserves.




;‘. ‘ o
N4
hu
:&:ﬁ TABLE 3.2. Monetary Sector Balance Sheet
x_ ’ ”»
N Assets Liabilities
.?_' Total Loans Household Demand Deposits
L Business Demand Deposits
o) &
S Required Reserves Monetary Base
o Borrowed Reserves
v
ﬁiij An accounting identity is maintained between the three reserve entries. As
demand deposits grow, required reserves grow. These are satisfied by the "
: growth of the reserve base, a monetary policy variable, or through borrowings.
N Changes in borrowed reserves affect the rate at which interest rates change.
fﬁ{ An approximate accounting identity is maintained hetween loans and changes in
™M demand deposits. This is not strictly an identity because the financial "
N markets for other assets do not currently exist in the model (more on this
o
oS point later).
T
-

Business demand deposits are related to the change in business cash, one of

1‘ the financial flows in the business sector. Household demand deposits are s
%jﬁf based on both the transactions demand for money and the interest sensitivity of
il%: holding money rather than earning assets that reflect lost opportunities.
f:%: Specifically, the household money demand function is as follows:
' [
i HHDD, = Ko * ¥, * r™°2 (3.1)
ﬁzﬁj Thus, the interest elasticity of the demand for money is -.2 and the income
i“& elasticity of the demand for money is 1. These numbers are reasonable .
;55 approximations to the empirical evidence available,
_EET Monetary policy impinges on the financial system in a number of ways.
f%:ﬁ Required reserves are determined by the monetary authorities and established by
'iis fiat. Any additions to currency as a result of minting new money (net of P
-Ii; replacement of retired currency) enter the financial system as high-powered
f:& money [reserve base). Open market operations, the third tvpe of monetary
;ﬁ? policy, affect the financial sector through changes in the reserves available

., to meet reserve requirements. Sales and purchases on the open market will also o
o alter the yields of government securities, thus changing the desired holding of

5;ﬁ 3.12




these assets in the financial sector's portfolio of assets, as well as in other
sectors' portfolio of assets. In the current representation of the monetary
sector in ERDYM, this market adjustment occurs directly rather than through an
equilibrating adjustment of portfolios in other sectors. Specifically,
ourchases of bonds by the monetary authorities results in a reduction of the
reserve base, which forces the banks to borrow reserves to meet statutory
reserve requirement ratios (assuming no reduction in deposits). Borrowing
reserves affects the government interest rate, driving it up fractionally.
Higher government interest rates in turn put upward pressure on the other
interest rates within the economv, hringing about adjustments to the portfolio
position of the banks.

To trace this effect, first consider the household demand for money. From
the equation above, it is evident that a 10 percent increase in the government
interest rate (or appropriate consumer rate) will reduce household demand »:
deposits by 2 percent. This will reduce the reserve requirements for banks '
fractionally, thus reducing the need to borrow reserves. In short, the
feedback mechanism is negative--it has a tendency, other things being equal, to
correct ijtself, E

In the husiness sector, the effects are less direct, but work similarly.
Higher government rates, through the yield curve that 1inks short and longer
term rates, will bring about an increase in the business interest rate
(historically the prime rate). This will tend to discourage business »
horrowing, discourage investment, and indirectly through changes in aggregate .ij
demand, reduce the sales of firms. At the same time, higher interest costs are
factored in as higher production costs, and are translated into lower business
cash positions--the key variable that determines business deposits. Thus, L}
business demand deposits will also decline, indicating, again, a negative
feedback loop.

We conclude this section with a brief discussion of the mechanism by which
the change in reserve borrowing influences interest rates and how short-term
rates are translated into a yield curve. lnder normal policy conditions, the
reserve base is adjusted to keep pace with required reserves under current
deposit conditions, modified by a monetary policy function explained in more
detail in the next section (the normal value of which is 1). The reserve hase
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is then compared with the current status of reserves to determine if further
reserves must be borrowed. The percentage of required reserves that needs to
be borrowed is then interpreted as the rate at which the aovernment rate
changes, subject to maximum allowable fluctuations. The business interest rate
follows the change in government rate, but with fractionally less amplitude of
change. In similar fashion, mortgage and savings interest rates are likewise
adjusted, but with respectively less amplitude of change. The consumer
borrowing rate is presumed to remain fixed at its statutory maximum levels.

The implementation of monetary policy in ERDYM allows for a variety of
policy rules, all of which can be modified to alter the simulation of the
economy. The discussion of these policv options is the topic of the next
if section.

3.4 MONETARY AND FISCAL POLICY

I;j As previously mentioned, the major focus of monetary policy is the reserve
base out of which the banks can maintain required reserves. Under "normal"
conditions, the monetary authorities, would allow the reserve base to grow at
the same rate that required reserves grow, thus eliminating the need for banks
to borrow reserve. But for conditions to be normal, three targets must he
met. First the perceived rate of growth of GNP must be equal to the target
rate of growth; second, the unemployment rate must be equal to its target rate;
and third, the inflation rate must be equal to its target. The growth target
policy variable, MPOL, is designed to magnifv or reduce the growth of the
reserve base as the growth trajectory of the economy is above or below the
target. It acts in a multiplicative manner, just as the investment modifiers
acted.

The unemployment-inflation tradeoff policy variable (UIPOL) also acts
multiplicatively, but in quite a different manner. In this case, the policy
variable is constructed with the explicit recognition that there is a tradeoff
between these two goals (see Gramlich 1979). The design of the policy function
.f is as follows:

UTPOL = wl*(UN/UN*)PL + wo*( INF/INF*)D2 (3.2)
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With deviations from an unemployment target (UN*) weighted bv wl and raised to 1

E‘Q a power (pl) in the same manner that deviations from an inflation target (INF*) ii
KI are handled. In this case the weights must sum to one. A1l of the policy »i
E} parameters of this function, the targets, the weights and the powers, are _3
- subject to manipulation by the person simulating the model. Furthermore, g
different regimes of policy--e.q., allowing higher inflation during recoverv-- .%

are allowed. ii

Several other monetary policy options exist in this implementation of ,E

ERDYM. Interest rates can be exogenized throughout an entire simulation or :

only during recovery. An historical counterpart to the latter reqime of policy '}

was the monetary rule in effect after World War II that restricted interest i

rates to reduce the burden of wartime debt incurred. Alternatively, a f

monetarist rule--a constant rate of growth in base reserves--can be out into g

effect. A number of these options are shown as examples in the chapter l;

detailing the simulations of the model.

The fiscal policy variables subject to control in this implementation of
ERDYM are less rich in their effects, but do have some influence on the model.

LN W )

Industry corporate tax rates can be modified, for example, and this will
influence the level of government revenues and have some bearing on the demand
for capital equipment. If this oolicvy lever is reduced, for example, it will
reduce, at any given level of prices and interest rates, the rental cost of
capital, thus stimulating investment. The same is true of modifications to the
asset lives of equipment and to investment tax credits, and in changes to the
depreciation rules with regard to equipment. But in this implementation of
ERDYM, these effects are clearly less potent than they might actually be in
practice.
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4.0 OTHER MODEL CHANGES, REPORT CAPABILITY, AND MODEL INITIALIZATION

In addition, to the maior changes in model specifications described in the
previous section, work in the current study covered several other areas.
First, a number of more limited changes were made to the structure of the
model. Second, a significant effort was devoted to building an easy-to-use
report generator for the model. Finally, in preparation for the historical
simulations to be described in the next chapter, considerable attention was
paid to model initialization. Each of these areas is described below in
turn,

4.1 OTHER MODEL CHANGES

As the primary aim of this study was to respecify the investment and
monetary sectors, changes in other sectors were generally performed to simplify
the structure of the model or to help calihrate the model to historical data.
Three main areas were addressed: 1) the rental building sector, 2) government
transfer payment, 3) availability of imports.

4,1.1 Rental Buildings

The original Pugh-Roberts (P-R) model contains an elaborate rental
buildings sector. Rental buildings were treated as if they could not be
substituted for "owned" buildings. Thus, there were separate depreciation
equations and allocation mechanisms specificallv for rental buildings. This
allowed the direct computation of rental pavments as a component of fixed
production costs.

In a long-run recovery model such as ERDYM, this treatment seemed both
unrealistic and unnecessary. Rental payments are such an extremely small
fraction of unit costs, that little impact would be expected if these
payments were simply subsumed as oart of the normal purchases from the trade
and service sector (which includes the real estate sector). Allocation of
rental buildings in a supply shortage is not really meaningful in the presence
of owned buildings., Rental payments as a separate cost item were dropped from
the model and were assumed to be reflected in the payments to the service
sector. This change has the effect of simplifying the overall model structure
and making the specification of the demand for buildings more transbarent.
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4.1.2 Transfer Pavments 1

1

In the original P-R study, transfer pavments were specified in terms of

current dollars per year per beneficiary. This treatment yields different .

levels of household real income depending ubon the specific price level ]

generated by the model. Moreover, in the original specification, all transfer "?

payments were divided into two cateqories--public assistance payments )

depending upon the unemployed population and social security pavments,

In the present study all transfer payments are specified in terms of real
(constant 1972) dollars per beneficiary. ERDYM inflates these values to
current dollars based on the prevailing price level generated by the model. In
addition, the public assistance cateqory is now disaggregated to treat
unemplovment compensation and other transfer payments separately. The details

of this revised treatment and data sources are discussed in Appendix A, section
A.h.

4.1.3 Import Availability

The specification of import availabilitvy was changed in response to
model behavior during recovery. In the original model the demand for
imports and exports was influenced by an exogenous factor termed the
"availabilitv" of imports and exports. This time-dependent variable was
introduced by P-R in order to limit foreign trade in the period immediately

after a major attack. In normal conditions the value of thisvariable is
one.

In some test simulations of recoverv scenarios, total imoorts displayed a :
tendency to explode when the availability variable influencing exports and /
imports returned to its maximum (normal) value. If shortages persisted in th
economy, total imports would sometimes exceed exports by as much as tenfold.

The behavior is unreasonable in light of the fact that exchange rates would/ he
expected to adijust over time to eliminate such imbalances.

To provide some sort of temporary remedy to this problem, availabilj

variables were defined separately for both exborts and imports. The efport
@ availability variable is specified exoqenouslv, as hefore, and is ti
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dependent. The import availability variahle, however, is made a function of a
variable called the balance of trade factor (BOTFAC). This variable is b
oronortional to a smonthing function of the ratio of total exports tn total ]
imports. Thus, total imoorts are made to adjust in a reasonable fashion to the
agrowth in total exports, although the procedure used does not maintain imports
and exports strictly in balance. A more sophisticated approach would be to

]
define a level variable for the exchange rate, which would continually adijust 9
to eliminate any balance of trade deficit. Such a refined specification awaits 1

further work on the model.

4.1.4 National Accounts Variables 3

The definition of familiar GNP components shown in the national accounts
has been expanded considerably from the original model. For current dollar
items, variables representing producers' durable and nonresidential structures |i
are now defined in the model. In the original model, only GNP was availahle
in terms of constant dollars. In the present study, variables for all of the
major fixed investment cateqories plus personal consumption expenditures are

now defined in both current and constant prices. These variables now allow the ji
user to more quickly analyze the results of particular scenarios in terms of R
the major GNP aggreqates. g
4.2 REPORT CAPABILITIES .l
4

At an early noint in the study, it became apparent that the existing print o
facilities provided by the DYNAMO complier were inadequate to allow the user to li

efficiently analyze the model behavior. Fiqure 4.1 shows an example of
DYNAMO's standard tahular output. For a small model containing a few variables

-
A P

this format is sufficient. However, since only 14 variables can be printed on
each line, a DYNAMO report for several hundred variables will necessarily take
up many lines. As Figure 4.1 shows, all of the variable titles are printed en
mass at the top of the report, followed by the scale factors, and then the
actual variable values for each solution print interval.

To work with a complex model such as ERDYM, the analvst frequently requires
that many variables he printed for the numerous "trace back" exercises

required. Thus, in the initial work with ERDYM in this study, several

4.3
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pages of variable names would be produced, followed bv an equal number of scale
factors, and finally, the solution values. With no convenient variable titles,
it becomes a nearly impossible task to analyze the hehavior of pnarticular

variables for simulations consisting of more than just a few time periods.

To remedy this situation one of the early tasks of this study was to
construct an external report writer for ERDYM, which could be used in either
batch or interactive mode. The resulting set of programs we have termed
DYNAPRINT can be aoplied to any standard DYNAMO model. Not having access to
the internal structure of DYNAMO, DYNAPRINT processes the standard print file
produced by DYNAMO (as in Fiqure 4.1)

The data base loading program constructs a variable definition key,
flexible enough to handle both single variables and DYNAMO arrays, based on the
variable names at the too of the print file. The only restriction is that the
user includes only one variable or array on each DYNAMO print card. The
numher and order of the variahle names is then used by the program as a key
to orocess the scale factors and variable solution values. The variable
definition key and the data are then written to separate random access files,
using the standard features of the UNIVAC FORTRAN compiler.

The data hase retrieval routine is written to accept user input in free
format and allows the user to produce a variety of reoorts. To print
macroeconomic variahles such as real GNP (RGNP) and the inflation rate {INFR),
with DYNAPRINT the user simply types:

SHOW RGNP INFR

The procedure then prints the definition of both variables, followed by two
columns of time series output after a column of dates. For arrays the program
will automatically print time series in serial for each element of the array
(e.g., production over time of each of the ERDYM sectors). In addition tn the
SHOW command, a comparison feature is available to allow side-by-side
comparison of variables from alternative simulations.

Most of the tables in the following two chapters were produced with
DYNAPRINT. The user's guide to the model provides complete instructions on how
to use DYNAPRINT and the files it generates. Since many of the command files
have heen generated for the work in this study, the user in most cases will
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need to type only a single command to produce a standard summary report for a
specific simulation. [

4.3 MODEL INITIALIZATION

Initialization of a model as large as ERDYM is a complex task. There are
several objectives to the initialization. First, the values of the model o
variables must be both internally consistent and must also correspond
reasonably to historical statistics. Secand, the variahles must be defined so
that a reasonable growth equilibrium is established. As our experience with
the model indicates, achieving an approximate historical solution for the final o
few periods does not assure that the model will reasonably track the longer
term trends of the economy. The decision to rely heavily on the National
Income and Product Accounts and associated input-output accounting framewnrk
aids significantly in achieving an internally consistent model solution for the @
base period. Although the original P-R version of the model did employ the
1967 U.S. input-output table, their choice of data sources for other industry
variables--employment, indirect tax rates, etc.--could have been improved so as
to make the overall system internally more consistent. In trial simulations, ®
this resulted in large changes in certain variables over the first few time
periods, although the model eventually would move onto a stable growth
:;; trajectory. However, the lack of consistency among the original model
s variables made it difficult Lo interpret many aggregate results in light of ®
familiar GNP accounts.

4.3.1 Sector Production and Prices

Conceptually, two familiar input-output accounting relationshins must be
satisfied in the hase period. The first relates tn pronduction, the second to
final demand; algebraically we have:

X.= A..x. + f. (4.1)

9! where 9

gross output in sector i

E}
)
H

input-output coefficient, the amount of input i required per
dollar's worth of production of output j
final demand for sector i

.......



Fquation (4.1) simoly states that sectoral production (x,) is comonsed of
output sold to other industries for use in production and of sales to final
demand. When the input-outnut framework of Equation 74.1) is made consistent
with the national accounts, the sum over i of fi is Gross National Product.

The second accounting relationship involves value added and sectoral
prices as shown below:

, = .. D . 2
P A]\1 D; *+ V; f4.2)
where

py = output price of sector j

Aii = input-output coefficient, as defined for (4.1)

Vi o ® value added--lahor compensation, indirect business taxes, and

profit-type income--per unit of output

Equation (4.2) relates the outout orice in each sector to intermediate input
costs ("material" costs) plus the cost of primary factors of production
(including indirect business taxes). Again, if the input-output system is
consistent with the national accounts, the sum of the v, components can be
interpreted as GNP as measured from the income side. In the National Income
and Product Account, the value added in each industry (vj) is termed Gross
Product Originating (GPQ).

Initializing an equilihrium-type model so as to satisfv Equations (4.1) and
(4.2) is not difficult, especially if the base period of the model corresponds
to a year of a published input-output table. Converting the production flow to
input-output coefficients and using the published final demand by sector is a
simple matter of solving the (Leontief) equation for sectoral outputs. The use
of Equation (4.2), after the conversion of income flows to coefficients, yields
a price vector, Pj, whose values are all unity in the base period. Thus, the
model is internally consistent and, by definition, agrees with the published

national accounts in the base period,

To the extent possible, the use of the innut-output accounting framework in
Equations (4.1) and (4.2) quided much of the effort to initialize ERDYM. The
choice of 1972 as the hase year of the model was strongly influenced bv the

existence of the official Commerce Department tahle for the vear. Section A.1
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of Appendix A describes the agqregation of the FEMA Input-Output Table (based
directly on the Commerce Department Tahle) to the 1l-sector ERDYM
classification. Section A.l also describes how the final demands by sector for

government, exports, and imports were also taken from this table,

For a number of reasons, a precise solution to Equations (4.1) and (4.2)
was not possible in the base period of the model. (That is, the input-output
framework of the model does not generate outputs identical to the 1972 tahle,
and the sectoral nrices are not all one in the base period.) On the production
side [Equation (4.1)] there are two maior causes of these discrepancies. The
first relates to the specification of several of the final demand components.
The second reason involves the way the lags are specified within the model and
the way in which DYNAMO initializes the system.

With respect to the final demands, lack of resources precluded the
calibration of the base period inventory change and consumption figures to
exactly match the values from the 1972 table. In addition, in the fullblown
input-output accounting framework, investment by industry is converted into
final demand by capital goods sectors by use of what is termed a "canital
distribution® matrix. In ERDYM, this process is simplified by collapsing the
production of all canital goods into one sector {sector five). The distortion
resulting from this assumption also contributes to the discrepancies in the
final demand vector.

In addition to the discrepancies caused by the specification of final
demand, the dynamic character of the model also introduces some error when one
attemots to generate the historical production values within the model. 1In
ERDYM, production does not match demand instantaneously, but rather depends
upon planned production resulting from previous demands. In the process of
setting the various production and inventory lags in the model, some slippage
occurs in the translation of historical final demand to historical nroduction.
This slippage is unavoidable since there are no historical “"data" on the many
production-related variahles in the model, only on realized sales to final
demand and total production.

As a crude means of adiusting for the discrepancies caused from the two
sources, an adjustment vector (ADJFD) was introduced which scales the tontal
demand in the first period of the model to yield production fiqures that
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approximately match the 1972 published data. These factors generally range
between .95 and 1.05. The resulting productinn magnitudes produced by the
model are compared to the historical data in Tahle 4.1.

Discrepancies on the price side stem from analagous causes. First, some
error is introduced as an imperfect correspondence was achieved between
historical data and model-generated values for other profits, depreciation, and
interest charges by sector. Another thorny problem is the return to
proprietors in the medical service, construction, and service sectors. On the
price side as well as the production side, the specification of behavioral lags
necessarily introduced some errors. For instance, nrices depend on perceived
cost, rather than actual cost; perceived cost is a (exponential) smoothed
function of lagaged cost.

Table 4.1 shows the values of the sectoral price deflators produced by the
model in the first period of the baseline historical simulation. For most
sectors, the values are within five percent of the ideal value of 1.0. This
level of correspondence was judged sufficientlv accurate, so that current
dollar magnitudes in subsequent periods can be compared with actual historical
data.

4.3.2 Other Variables

The initialization of other variables to a 1972 base in the model was
fairly straightforward, since these variables do not display the dearee of
interdependency that characterizes sectoral production and prices. As in the
original P-R version, sources for many of these variables are simply cited in
the model source code, as can be found in Volume III of this report. Other
variables for which significant computation was reauired are discussed in
Appendix A. Tris principally covers transfer payments, capital stocks, and
monetary agqregates.
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[‘ Table 4.1. Production and Price Initializatinn bv Sector ,..':
- 1
» Actual Computed A
N Production Production Computed Price q
- (Billion 1972%) (Billion 1972%) Deflatnr R
0 " ‘l‘

1. Metals 62.2 61.2 1.03?
2. Non-metals 23.9 22.6 .969 ‘
3. Energy Products 111.2 109.4 .961 ,:
4. Non-fuel Consumable  184.4 177.9 1.032 e

Materials

5. Capital Goods 246 .8 237.4 .959

6. Building/Construction 165.9 160.1 .974

7. Consumer Goods 88.0 84.4 .969

8. Agriculture 201.9 197.2 .967

9, Medical Services 55.3 55.1 1.083

10. Transportation 76.6 76.4 1.059

11. Services 747.7 730.1 .941
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5.0 HISTORICAL SIMULATIONS

This chapter presents results of several simulations of the model over the
period 1972-1984. These simulations are designed to show the arowth
characteristics of the model under normal conditions and fto demonstrate that
the model tracks historical performance of the economy with reasonable
accuracy. The first part of this chapter reports these historical
simulations. A second objective of this chapter is to show the sensitivity of
the mode. to several key policv ootions. As reported in Chapter 3, the model
can be simulated with a variety of monetary policy functions. The second part
of this chapter reports two alternative simulations that alter these policy
functions--in one case by changng the weights applied to the unemoloyment and
inflation targets, in another by applying a strict monetarist reserve growth
rule.

5.1 RESULTS OF HISTORICAL SIMULATIONS

The model results for the "baseline" simulation are shown for key
macroeconomic variables in Table 5.1. Before discussing the values of the
variables themselves, some discussion of the table format may he useful. The
table reproduces the computer output from the DYNAPRINT utility program,
described in Section 4.2, The printing interval is annual, starting with the
first period of the simulation, 1972.00. The actual solution interval of ERDYM
is .0625. Each vear consists of 16 periods, and the report in Table 5.1 shows
the values of each of the variables for the first period of each year. For
flow variables (GNP aggregates), the magnitudes are exoressed at annual rates,
as the definition key over the table indicates. The values of most historical
variahles have been initialized to 1972 annual averages; accordingly, for
historical comparisons we have generally interpreted the values in Table 5.1 to
correspond to annual averages. In most cases, this assumotion is fairly
reasonahle, except in cases where the variahle displays show sharn vear-to-
year changes,

By looking at Table 5.1 and succeedina tables, the reader should
continually be aware of the exponent that is printed at the too of each
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column, Thus, GNP is in fact in billions (109) and interest rates are
reasonahle when the scale factor of 10'3 is apnlied. o

5.1.1 Macroeconomic Results

Real GNP (RGNP) in column one shows steady growth from 1972 to 1984,
Variable PGGNP, which measures an annual growth rate in real GNP, reveals some o
slight cyclical variations. Althouah the growth rates do not turn neqative,
they do decline moderately in 1975 and throughout the 1980-83 period, roughlv
consistent with historical behavior. A graphical comparison of the
baseline, and actual real GNP (in Fiqure 5.1) shows that, although the model ®
does not catch the cyclical turring points, the trend growth over the 12-vear
period matches very closely. When analyzed from a standpoint of percentage
differences, the maximum deviation is only 4.2 percent, well within the goal of
+20 accuracy. ®

The inflation rates generated by the model (INFR) emplov a smoothing
function provided by the DYNAMO language. We have chosen a period of .25
for the smoothing period. Based on this assumption, the inflation rates shown
in Table 5.1 can be roughly interpreted as the quarterly inflation rates f{on an
annual basis) measured at the beginnina of each year. Although the inflation
rates peak during 1974 and they also rise again in 1980, the overall level of
inflation rates is lower than the historical record {shown in Fiqure 5.2).
The rates of inflation are stronaly influenced by the parameters of the wage
function in the model. These parameters have been chosen to yield reasonahle
- inflation rates over the complete baseline solution, extendina to the vear
e 2005. A second cause of the deviation stems from the fact that none of the

- oa A& =

various shocks--price-wage decontrol, commodity shortaqes, and petroleum
interruptions--experienced hy the U.S. economv in the 1970s are reflected in

. the model in any way. Thus, the pattern of inflation rates shown can he

ji: roughly interpreted as the underlying rate of inflation in the absence of these
. shocks. . |

The values of nominal GNP in Tahle 5.1 of course reflect the nattern of 1
general inflation. By 1983, the model underpredicted the nominal GNP hy $750 )
hillinon in 1983, aporoximatelv 32 percent. This results directlv from the

underprediction of the inflation rate.

i
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